Abstract

Background
Heart failure has a serious prognosis. However, among elderly patients the panorama of concomitant diseases makes it difficult to implement the results from epidemiological studies.
The aim of this study was to evaluate the influence of different clinical variables on cardiovascular mortality during a long-term follow-up.
Methods and Results
In all, 474 elderly patients (age 65-82 years) in primary health care were evaluated and followed during a 10 year period. All patients had symptoms associated with heart failure and were examined by a cardiologist. Blood samples including NT-proBNP were analyzed, and ECG and Doppler echocardiography were assessed. Both the systolic and diastolic function was evaluated. Functional capacity was evaluated according to the NYHA classification.
During the 10 years of follow-up those with the highest quartile of plasma concentration of NT-proBNP had almost four times increased risk of cardiovascular mortality. Impaired systolic function, diabetes and reduced functional capacity were all markers of increased risk of cardiovascular mortality. All variables were also evaluated after 5 years, with higher risk ratios for a majority of variables.
Conclusion
In this study 474 patients with symptoms of heart failure were followed during 10 years. High plasma concentration of NT-proBNP could predict almost four times increased risk of cardiovascular mortality up to 10 years. Also, impaired cardiac function according to echocardiography, and reduced functional capacity as well as diabetes all had influence on risk of cardiovascular mortality up to 10 years.
Background
It is known from the literature that heart failure (HF) is a condition with poor prognosis [1] [2] [3] .
However, there is information indicating that the mortality in HF has decreased since the end of the 1970's [4, 5] . This could be the result of optimized treatment, but could also be the result of a more aggressive treatment of risk factors such as diabetes, influencing the development of HF [6] .
The clinical use of natriuretic peptides has increased as tools giving information about the myocardial wall tension of patients with HF [7] [8] [9] . The usefulness of natriuretic peptides in patients with stable or unstable coronary syndromes has also been documented in the literature [10] [11] [12] . However, elderly patients in primary care with symptoms associated with HF are usually suffering from more than one disease. Thus the results of published studies are difficult to apply to the population as the complexity of the different diseases within the population is obvious. Therefore, we wanted to follow an elderly population with different risk factors during a longer time period than usual, and to evaluate the importance of the different risk factors concerning cardiovascular mortality.
Methods
Study population
All records of elderly patients who had symptoms associated with HF, that is shortness of breath, and /or peripheral oedema, and/or tiredness and who contacted the only primary health care centre in a municipality in southeast Sweden (population 10,300 inhabitants) during 1995-96 because of the symptoms were evaluated (n=1168). The inclusion into the study was completed in 1996. Those where HF as reason for the symptoms/signs could not be excluded from the record were invited to participate in the study (n=548). Out of these, 510 patients accepted to participate, as 38 patients decided not to because of incapacity, severe illness or long transportation. All participants visited one cardiologist (UA) who recorded patient history, including drug treatment, and performed a clinical examination. An ECG and a chest x-ray were also performed in all participants. Also, the examining cardiologist classified all patients according to their NYHA functional classification.
The number of participants who accepted to attend the blood sampling procedure was 474, thus forming the final study population ( Table 1 ). The design of the study is previously described in detail [13] .
Diabetes mellitus was defined as a fasting blood glucose concentration ≥7.0 mmol/L, or ongoing treatment for diabetes (diet, oral therapy or insulin). Hypertension was defined as a blood pressure of more than 140/90 mm Hg measured in the right arm with the patient in the supine position after at least 30 minutes rest. Patients were also defined as hypertensive if they had been diagnosed with hypertension and were receiving antihypertensive medication.
Ischemic heart disease was defined as a history of angina pectoris, treatment for angina pectoris and/or a previous myocardial infarction.
With regard to symptoms and signs, dyspnoea was defined from the patient history, whereas presence of peripheral oedema was defined from patient history and/or via clinical examination.
Cardiovascular mortality was defined as death caused by HF, and/or fatal arrhythmias, sudden death, ischemic heart disease or cerebrovascular death, and was decided from autopsy, 
Blood sampling procedure
Blood samples were obtained from fasting subjects after a resting period of 30 minutes. The samples were collected in pre-chilled plastic tubes, containing EDTA (Terumo EDTA K-3), placed on ice and centrifuged at 3000 g for 10 minutes at 4 ºC. The samples were then immediately stored at -70 ºC until further analysis. NT-proBNP was measured using an electrochemiluminiscence immunoassay (Elecsys 2010, Roche Diagnostics, Mannheim, Germany) [14] . The analytical range was 5-35.000 ng/L (0.6-4130 pmol/L). Total CV was 4.8% at the level of 217 ng/L (26 pmol/L) (n=70) and 2.1% at the level of 4261 ng/L (503 pmol/L) at our laboratory. All blood samples were stored at -70 °C, and none had been thawed before analysis. All samples were analyzed within two weeks of inclusion in the study.
Doppler echocardiography
Doppler echocardiographic examinations (Accuson XP-128c) were performed with the patient in the supine left position. Both M-mode and 2D methodology were used. Values for systolic function, expressed as ejection fraction (EF) [15, 16] , were categorized into 4 classes with interclass limits 30%, 40% and 50%. A semi quantitative method of assessment was used.
Normal systolic function (normal SFN) was defined as EF≥50%. Moderately impaired SFN was defined as EF<40%, whereas severely impaired SFN was defined as EF <30%. The diastolic function was analyzed evaluating the mitral E/A ratio and pulmonary venous flow pattern and compared with age-adjusted decision limits.
Statistics
The results were presented as percentage or mean and SD, or as median when values were not normally distributed. Survival analysis was conducted using Kaplan-Meier survival curve analysis. A Cox regression was performed to identify the weight of the individual risk variables for cardiovascular mortality. A p value less than 0.05 was considered statistically significant. All data analysis has been performed using a commercially available statistical analysis software package (Statistica v. 7.1, Statsoft Inc, Tulsa, OK, USA). The study protocol was approved by The Ethics Committee of the University Hospital of Linköping.
Results
The basal characteristics of the study population are presented in Table 1 . An almost even distribution between males/females was found as seen in Table 1 . The functional capacity as classified by the examining cardiologist using the NYHA classification show that only a small number of patients were severely impaired (NYHA class III), and no patient was classified as belonging to NYHA class IV. A vast majority of the included patients had a history of hypertension and 1/3 a history of ischemic heart disease (IHD). Less than ½ of the population were treated with β-receptor blockers, and 1/3 of the population was treated with ACEinhibitors, as the patients were included into the study ( Table 1 ). The result of a six-year follow-up of this study population is earlier presented [2, 17] .
The total study population was followed during 10 years (median 3626 days, SD 1094), whereas those that survived during the follow-up period had a median observation of 3799 days (SD 120), and those that did not survive had a median follow-up period of 2066 days (SD 1067). During follow-up 206 patients suffered all cause mortality (40%) and 142 a cardiovascular mortality (28%).
Analyzing the difference in survival between the two genders, we found a significant longer survival rate (χ 2 =4.1; p=0.04) from all cause mortality for the females compared to the males. However no significant difference was found concerning survival from cardiovascular mortality.
NT-proBNP as prognostic indicator
The distribution of plasma concentration of NT-proBNP among survivors and non-survivors is presented in Table 2 . At the inclusion of the participants NT-proBNP was drawn as part of the blood samples taken. Analyzing the prognostic capabilities of NT-proBNP, a Cox proportional hazard regression analysis has been performed first as a univariate regression, indicating an almost 6 times increased risk for those with a plasma concentration of NT-proBNP in the 4 th quartile. Then a multivariate regression was performed. Into that model other well-known variables were added that might have prognostic information (Table 3A) .
From the sole peptide sample, information concerning risk of cardiovascular mortality could be drawn up to ten years. Analyzing those with a plasma concentration higher than 496 ng/L (=4 th quartile) against those with lower plasma concentrations we found a pronounced difference in survival during the ten years of follow-up. The Kaplan-Meier analysis also
shows that the prognostic information persists after the first 5 years (Fig I) . From the multivariate analysis three variables apart from NT-proBNP were found to have significant prognostic information; Diabetes, EF<40%, and NYHA functional class III.
As we wanted to evaluate the influence of a shorter observation period, the same type of regressions were performed from the same population using 5 years of observation as shown in Table 3B .
The relation between mortality, both all cause mortality and cardiovascular mortality and the plasma concentrations of NT-proBNP of the four quartiles are shown in Table 4 . Both the cardiovascular and all cause mortality increases as the plasma concentration of NTproBNP increases. 
Clinical parameters and cardiovascular mortality
The impact of pharmacological treatment on cardiovascular mortality was analyzed, and during the 10 years of follow-up there was a trend towards longer survival from cardiovascular mortality in those on treatment with beta blockers (χ 2 = 3.8; p=0.051). The positive effect of beta blockers is well documented in the literature [18] .
Those on treatment with ACE-inhibitors have been analyzed as well during the 10 years of follow-up. From this analysis it was found that the patients on ACE-inhibitors had significantly better survival figures from cardiovascular mortality compared to those without ACE-inhibitors (χ 2 =6.6; p=0.010). The result of treatment with ACE-inhibitors is also well documented in the literature [19] . 
Fig I. Kaplan-Meier analysis comparing quartile 4 (<496ng/L) of NT-proBNP versus quartiles 1-3 (<496 ng/L) concerning cardiovascular mortality in the study population during 10 years of follow-up.
As shown in Table 3A those with diabetes had more than 2 times increased risk for cardiovascular mortality during the follow-up period of 10 years. The result of this increased risk is illustrated in Fig IIa. Analyzing those with an objective impairment of the cardiac function (EF<40%) plus diabetes in the study population regarding survival or not from cardiovascular mortality, the results are even more pronounced (Fig IIb) . However, as the group sizes from this analysis are reduced, the results should be interpreted with caution. 
Fig IIa. Kaplan-Meier analysis comparing those with diabetes versus those not with diabetes concerning cardiovascular mortality in the study population during 10 years of follow-up.
The influence of the NYHA functional class as an indicator of severity of disease was also analyzed in the study (Table 5 , Fig III) . The increased risk of cardiovascular mortality (two times) in the group with NYHA classification III is presented in Table 3A . Table 5 it is obvious that the greater impairment of the systolic function, the higher mortality -both all cause and cardiovascular mortality. In the group with moderately impaired systolic function (EF<40%) the cardiovascular mortality is high during the follow-up period, more than 70%. In those with normal systolic function but with signs of relaxation abnormalities the part that diseased in cardiovascular mortality during the follow-up was 23%, as compared to almost 1/3 that suffered cardiovascular mortality in those patients with normal systolic but signs of a pseudonormal or restrictive filling pattern.
However, the results from this last patient group should be interpreted with caution, as the group size is small. In the Cox proportional hazard regressions it was found that the patient group that had EF<40% also had 2.5 times increased risk for cardiovascular mortality if followed during 5 years (Table 3B ). The risk has decreased to 1.7 times as the observational time increased to 10 years (Table 3A) . 
Discussion
Elderly patients with symptoms associated with HF are common for the general practitioner.
Even though there are several risk factors for HF identified in the literature, information is still needed on which are the important risk factors for cardiovascular mortality for patients in primary health care that are many times multi diseased in the long perspective. As commented in an editorial there are few population based investigations, especially concerning the area of natriuretic peptides [20] . In the present study we have evaluated elderly patients in primary health care with symptoms associated with HF with respect to some important variables, where the patients were followed during 10 years, an unusually long time of observation.
Another of our goals was to identify specific risk factors for cardiovascular mortality in an elderly population in the community, and also evaluate what happens to this group of patients that are given routine treatment.
During the follow-up period no significant difference in cardiovascular mortality was found between the genders, probably as a result of the female part after menopause, catch up in risk compared to males and because the evaluated population had a range in age between 65 to 83 years.
NT-proBNP as prognostic indicator for cardiovascular mortality
It is well known that natriuretic peptides have a prognostic power concerning cardiovascular mortality [17, 21, 22] . In this study we have analyzed those within the 4 th quartile of plasma NT-proBNP against the other three quartiles (Fig I) . From this it is evident that the prognostic power from one blood sample is strong enough to give information 10 years after been drawn, as also can be seen in the multivariate Cox proportional regression analysis. In this analysis those within the 4 th quartile of plasma concentration of NT-proBNP have almost four times the risk of cardiovascular mortality in spite of many other well known risk variables in the model (Table 3A) . The high risk ratio after 10 years is surprising as the probability for a shift between groups is greater as the observation period is increasing. In addition, as observational time increases the chances of other factors influencing the patient increases. Therefore it is usually reported higher risk ratios after shorter observation periods [17] . The difference in risk ratios for the peptides are however not great in this study. The reason for this is probably that the natriuretic peptides have a central position in the total risk panorama of the patients with symptoms of HF.
It is also seen from the analysis of cardiovascular and all cause mortality divided into quartiles of plasma concentration of NT-proBNP, that the increase of mortality in the highest quartile is dramatic (Table 4 ). In the process where priority has to be given to those patients who have the highest risk, the analysis of natriuretic peptides is therefore a valuable tool for the clinician.
Echocardiographic parameters as prognostic indicators for cardiovascular mortality
One of the mainly used methods to objectively evaluate cardiac function is Doppler echocardiography. Patients with severely impaired systolic function as measured by low ejection fraction have a worse prognosis compared to those less impaired [2, [23] [24] [25] . In the present study population all patients have been evaluated both according to systolic and diastolic function. It is therefore possible to evaluate the long term prognosis of the different classes of impairment (Table 5 ). In the group of patients with EF<40% more than 70% have suffered a cardiovascular mortality, whereas in those with normal systolic and diastolic function at inclusion into the study, only 20% suffered a cardiovascular death during the 10 years of observation. The result is stable during the follow-up period indicating that the cardiac impairment is an important factor that is not blunted in spite of long exposure for other risk factors.
It is also interesting to note that those with an isolated diastolic dysfunction had significantly less cardiovascular mortality compared to those with EF<40%. Unfortunately, the group size of those with pseudonormal or restrictive filling pattern are too small to allow further analysis, but it seems that this could be a more diseased group compared to those with an isolated relaxations abnormality (Table 5 ), in accordance with earlier published reports [26] .
Clinical parameters as prognostic indicators for cardiovascular mortality
Functional capacity is a parameter that has well documented prognostic information, at least in the short perspective [17, 27, 28] . In this study, with an observational time of 10 years, we evaluated the patients according to NYHA functional class. From this information it is evident that the part suffering from cardiovascular mortality during the follow-up period increases as functional capacity decreases (Table 5) .
Diabetes is a disease that influences a wide range of organ systems in the body. The consequences within the cardiovascular system are well known [6, 29, 30] . Elderly patients with diabetes have a worse prognosis compared to those without diabetes. The fact that those with diabetes are at higher risk of developing HF is well known [31] . We have analyzed those with diabetes in relation to cardiovascular mortality during the follow-up period as seen in Fig   IIIa. We could based on the study results verify the severity of the disease. Even though the group size was reduced, the results concerning mortality that are presented in those with both an impaired cardiac function and diabetes in Fig IIb are dramatic. This illustrates that this patient group is at high risk that requires priority in the handling and optimizing of treatment.
Limitations
In a population based study the amount of patients that could be included is restricted if all patients are to be evaluated with blood samples, Doppler echocardiography evaluating both the systolic and the diastolic function, and clinical examination in contrast to register based studies. The limited size of groups in this study also limits the interpretation of results obtained. We have, however, tried not to push the conclusion too far.
The number of patients not participating in the blood sampling procedure or Doppler echocardiography is a problem as they could belong to the group that are most diseased, something that is indicated in This group demonstrated a high mortality as a consequence of their disease. It is a limitation not to have complete information from this patient group. In the study 36 patients did not accept blood sampling, but on the other hand a majority of Doppler echocardiographic information was obtained from them.
We believe therefore, that the results obtained are representative of elderly patients with symptoms of heart failure in the community in Sweden.
Conclusion
Elderly patients in primary health care with symptoms associated with HF were examined according to plasma concentration of NT-proBNP, Doppler echocardiographic results, and functional capacity according to the NYHA functional classification. The patients were followed during almost 10 years, and all cardiovascular, as well as all cause mortality was registered. Those with a high plasma NT-proBNP had almost 4 times increased risk for cardiovascular mortality during the long time of follow-up. Impaired ejection fraction, reduced functional capacity and diabetes were other variables that increased risk for mortality in this group of elderly patients. This would indicate that patients belonging to these risk groups should be given priority in the handling of patients with possible HF.
